Introduction
Many works are devoted now to research and development of non-traditional, highly efficient disintegration technologies for resistant ores, with emphasis on the problem of increasing the contrast of processing characteristics of minerals [1, 2, 3, 4] . The method with usage of high power electromagnetic pulses (HPEMP) for the selective disintegration of the fine-grained mineral complexes, for the disclosure of the precious metals inclusions and them extraction in productive solutions was developed [1, 2] . It was determined, that the electric breakdown channels are localised along the areas of the lowered electric strength with the conductive gold particles at the disclosing of the gold in pyrite (arsenopyirite). The possibility of the sulphide matrix opening and increasing of gold particles (0.01-0.001 m) extraction in the productive solutions (from 15-50% until 85%) was determined in the result of the experimental work [1] . It was supposed the basic influence effect is caused by the creation of micro channels and micro cracks going from the surface of the particle towards the precious metal inclusion [1, 2] . On the basis of these results it was supported that the influence of electromagnetic pulses on mineral complexes will change the hydrophilic and hydrophobic properties of mineral surface. The aim of this study is revealing of minerals surface properties and phase composition changing under the high power electromagnetic pulses influence.
Experimental methods and characteristics or research objects
In this study a two natural mineral samples were used: pyrite from Darasun ore field and arsenopyrite of unknown origin. Size fraction was 100+50 m. The treatment by the high power electromagnetic pulses of the minerals was carried out on a laboratory unit by the series of pulses (number of pulses from 1000 to 15000) with nanosecond wave front and with duration 5-30 ns, amplitude of electrical field component is up to 30 V, frequency of pulses and pulses repetition frequency is 100 Hz. The dry and the wet minerals samples were used for the treatment (MeS/H 2 O=10/3). After treatment the wet samples were dried in nitrogen atmosphere. All samples were kept until the analysis in nitrogen atmosphere. X-Ray photoelectron spectra were obtained with KRATOS Axis Ultra spectrometer. Monochromatized X-Rays from an AlK anode was used. Dates treatments were done with program Vision 2.2.6 (KRATOS). IR-spectra of minerals were obtained with usage of ISF 55 BRUKER EQUINOX 55 spectrometer in diffuse reflectance mode. XRD dates were obtained on powder samples with D8 ADVANCE (BRUKER). SEM analyses were performed using scanning electron microscope XL-30 (Philips) with an analyzer «Edax» for elemental analysis of the surface. Microflotation tests were conducted with 1 g of mineral in a laboratory microcell (volume 18 ml) using butyl potassium xanthate (10mg/l) as collector and MIBC (10 mg/l) as frother. All tests were conducted at natural pH 7 created by mineral suspensions.
Mineralogy of samples
The main feature of Darasun pyrite and arsenopyrite is the presence of calcium (0.57% in FeS 2 and 0.22 % in FeAsS). Inclusions of Cu (~1.5%), Sb (1.1%), Pb (0.8%), As (0.61%), Zn (~0.2%) and the traces of Mn, Ag, Au were detected in the sample of pyrite. The investigation of inclusions nature through different methods (XRD, DRIFT, SEM) shows that in the arsenopyrite calcium is bonded with calcite CaCO 3 . Besides dolomite (Ca,Mg)(CO 3 ) 2 , siderite FeCO 3 , sulfates (gypsum CaSO 4 ·2H 2 O, bassanite CaSO 4 ·0.5H 2 O) are observed in the samples of pyrite. The presence of quartz (SiO 2 ) and aluminosilicates was detected in the both minerals. Microanalysis of pyrite chemical composition fulfilled by the use of SEM indicated that Cu, Sb and As are related with the inclusions of sulfides from tennantite-tetrahedrite group (Cu 12 As 4 S 13 -Cu 12 Sb 4 S 13 ) with considerable variation of Cu, Sb and As proportion. The other inclusions of sulfide minerals in pyrite such as arsenopyrite, galena and sphalerite are in association with pyrite and minerals of tennantite-tetrahedrite group. Silver and gold is presented by the fine-grained particles and emulsion impregnation in the sulfide matrix. The weight content of Ag in some pyrite grains is up to 2.02÷2.63%, and it is up to 3.81÷5.03÷7.01% for Au. Gold containing sulfide particles have a specific, and non stoichiometric chemical composition ( fig. 1 ).
Results and discussion
XRD analysis of treated pyrite and arsenopyrite samples has not shown any changing of mineralogical composition after the treatment. However, the appearance of iron ( ) oxides was observed on the spectra of wet treated Darasun pyrite samples at high number (15 000) of the pulses. DRIFT . Simultaneously, the absorption bands of carbonate group of calcite are decreased considerably (1793, 1421, 873, 713 cm -1 ). The intensity increasing of stretching and bending OH-groups vibration of the sulfates crystal water is detected on the spectra of pyrite under the high number of the pulses ( 10 000 pulses). In addition, the vibration of free water OH groups is appeared at the spectra at high number of pulses (3702 cm -1 and 3727 cm -1 ). The tendencies are inversed for the dry treatment conditions. In fact, the disappearance of the peaks at 3546 cm - The transformation mechanism of FeS 2 under the treatment by the high-power pulses depends on the treatment conditions (dry or wet) and besides it depends on the number of the pulses. The following phases were detected at 1000 pulses on the wet treatment conditions: In the case of arsenopyrite, considerable variation of DRIFT spectra profile was not detected with the increasing of number of pulses. But as in the case with pyrite, the bending vibrations of the free water molecules were observed. XPS result shows the considerable qualitative and quantitative changes of surface layer composition of both sulfides depending on treatment conditions. The oxide-hydroxide phase of the pyrite surface increases in 30 at% in comparison with the initial sample at 1000 pulses of wet conditions. The considerable changing of the pyrite surface is not observed at 1000 pulses in dry conditions ( fig. 3) . Simultaneously with the formation of hydrophilic compounds (oxide-hydroxide and sulfates) oxidation of pyrite in the wet conditions is related with the formation on the surface of sulfurrich hydrophobic species. The increasing of S 0 content on the pyrite surface is 1.54 time at 1000 pulses wet treatment. At the same time on the dry conditions this parameter is 0.87. All mentioned changes have significant influence on pyrite floatability. The line Ca2p XPS spectra confirmed the increasing of the gypsum presence in the surface layer of mineral with the increasing of number of pulses from 1000 pulses to 15 000 pulses for the wet treated samples. The quantity of Ca (at.%) is increased in 2÷2.4 time in comparison with the initial sample. At the spectra of pyrite it is detected also Cu (0.6÷1.4at.%), Pb (0.31at.%), Si (until 3.77at.%). It was detected the changing of the hydrophobic-hydrophilic properties of the surface in function on treatment conditions. The increasing of Darasun pyrite floatability was obtained for the wet treatment conditions: from 46.2% for initial sample to 84.0% for the 15000 pulses ( fig.4) . Recovery of arsenopyrite is decreased from 57.9 % (0 pulses) to 43.3% (1000 pulses) in the same condition.
Conclusions
The research work shows the influence of high power electromagnetic pulses on the changing of the surface layer composition of pyrite and arsenopyrite. The presence of the admixtures result in a formation of calcium sulfates, the quantity of calcium sulfates increase with the increasing of the number of pulses. The work allows to identify the conditions of the selective flotation of pyrite and arsenopyrite. Number of pulses Recovery, %
